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C H A P T E R
S  U M M A R Y  A N D  C O N C L U S  I O N S
Hemocyani .n is  an oxygen b lnding prote in,  present  in  some
inver tebrates.  The very large Ct  -hemocyanin f rom the Roman
snai l ,  Hel ix  pomat ia,  which b inds 180 oxygen molecules and has
a molecula"  wêigF-6f  9 x  10b,  has been studied.  The focus of
th is  work has been on the re lat ionship between the st ructura l
and funct ional  propert ies of  th is  large b io logical  system.
HemocyanÍn can be revers ib ly  d issociated in to hal f ,  one-
tenth,  and one-twent ieth molecules.  When d l f ferent  d i -ssociat ion
states coexist  in  solut ion thei r  re lat ive amount  is  independent
of  the tota l  prote in concentrat ion.  An explanat ion for  th is
behaviour  is  presented:  the concept  of  microheterogenei ty .
l {e  have determined the oxygen b indlng propert ies of  ( i )
who le  mo leeu les ,  con ta in ing  on l y  na t i ve  subun i t s ;  ( i i )  hyb r i d
molecules conta in ing inact ivated one-tenth subuni ts ,  which
were unable to b ind oxygen,  as wel l  as nat ive one-tenth sub-
un i t s ;  and  ( i i i )  na t i ve  p ro te in ,  d i ssoc ia ted  i n to  one - ten th
subuni ts .  These exper iments were carr ied out  at  moderate
ion i c  s t reng th  (O .1 ) ,  a t  pH  8 .2 .  They  i nd i ca te  t ha t  i n te r -
act ions between nat ive one-tenth subuni ts  are essent ia l  for
cooperat ive oxygen b inding.  I t  is  concluded that  the éooperat ive
oxygen b inding uni t  is  larger  than a one-tenth subuni t .
More evidence for the l inkage between cooperative oxygen
blnding and changes in the in tersubuni t  in teract ions was
ob ta ined  a t  h i gh  i on l c  s t reng th  (1 .1 ) ,  a t  pH  8 .2 .  Unde r  t hese
condi t ions oxygen b inding is  cooperat ive.  The l igand f ree
prote in is  largely present  as hal f  molecules.  Bindlng of  oxygen
resul ts  in  an abrupt ,  complete d issociat ion of  the hal f
molecules in to one- tenth subuni ts .  Evidence is  presented that
under the prevai l ing condi t ions the observed coope.rat ivety is
a lmost  complete ly  due to l igand l inked d issociat ion.  These
oxygen binding properties have been compared to those under
more physio logical  condi t lons.  I t  ls  suggested that  format ion
o f  a  c l osed  r i ng  o f  f i ve  one - ten th  subun i t s  ( : . g . ,  assoc ia t i on
to a hal f  molecule)  is  a necessary condi t ion to constra in the
prote in to a state wi th low oxygen af f in i ty ,  which in  turn is
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a prerequis l te  for  cooperat ive oxygen b inding.
The resul ts  summarized above are based main ly  on measure-
men ts  o f  oxygen  a f f i n i t i es  o f  va r i ous  d i ssoc ia t i on  s ta tes .  We
have a lso t r ied to obta in ln format ion about  s t ructura l  changes
in  t he  und i ssoc ia ted ,  na t i ve  p ro te in ,  wh i ch  b inds  oxygen
cooperat ive ly .  I t  has been found that  hemocyanin can be f Íxed
in  a  s ta te  w i t h  l ow  oxygen  a f f i n i t y  by  c ross l i nk ing  w i th  a
bi funct ional  reagent  (d imethylsuber imidoester)  under l igand
f ree  cond i t i ons .  S im i l a r l y ,  c ross l i nk lng  o f  t he  l i ganded
p ro te in  resu l t s  i n  a  de r i va t Í ve  w i t h  h igh  oxygen  a f f i n i t y .The
resul ts  show that  l iganded and l igand f ree hemocyanin have
d i f f e ren t  s t ruc tu res .  The  ab i l i t y  t o  f i x  hemocyan in  j - n  d j - f f e ren t
s ta tes  may  fac i l i t a te  f u r t he r  s tud ies  o f  t he  s t ruc tu ra l
changes that  under l ie  the process of  cooperat ive oxygen b indlng.
The  f i na l  pa r t  o f  t h i s  t hes i s  repo r t s  an  i nves t i ga t i on
o f  t he  k i ne t i cs  o f  t he  reac t i on  o f  hemocyan in  w l t h  oxygen .
Stopped f low exper iments show that  the combinat ion of  deoxy
hemocyan in  w i t h  oxygen ,  as  we l l  as  t he  d l ssoc ia t i on  o f  oxy
hernocyanin are autocata ly t ic .  Both the combinat ion and
d i ssoc Ía t i on  ra te  cons tan ts  con t r i bu te  t o  t he  coope ra t i ve t y
of  oxygen b inding.  Temperature jump re laxat ion exper iments
have been carr ied out  at  oxygen saturat ions between O.7 and
1 .  O .  I n  t h i s  range  oxygen  b ind ing  can  be  desc r i bed  by  one  se t
o f  k i ne t i c  cons tan ts .  Th j - s  s t rong l y  sugges ts  t ha t  no
structura l  t ransi t ions take p lace at  oxygen saturat j -ons above
o .7  .
The most  sal ient  conclus ions concerning the st ructure -
f unc t i on  re la t i onsh ip  o f  He l i x  pomat ia  'O -hemocyan in  a re :
1 .  oxygen  sa tu ra ted  and  l i gand  f ree  p ro te in  have  d i s t i nc t l y
d i f f e ren t  s t ruc tu res ,  wh i ch  a re  cha rac te r i zed  by  a  h igh  and  a
low  a f f i n i t y  f o r  oxygen ,  respec t i ve l y ;
2 .  bo th  t he  l ow  and  the  h igh  a f f Í n i t y  s ta tes  seem to  be
stabi l ized over  rather  large ranges of  oxygen saturat ion;  at
p resen t ,  no  ev idence  fo r  i n te rmed ia te  s ta tes  has  been  ob ta ined ;
3 .  on l y  nab i ve ,  und i ssoc ia ted  p ro te in  (who1e  and  ha l f
mo lecu les )  can  occu r  i n  a  s ta te  w i t h  l ow  oxygen  a f f i n i t y ;  t h i s
suggests that  only  the associated system (a c losed r ing of
one - ten th  subun i t s ,  i . ê . ,  a  ha l f  o r  who le  mo lecu le )  1s  ab le  t o
unde rgo  s t ruc tu ra l  t r ans i t i ons ,  wh i ch  resu l t  1n  coope ra t i ve
oxygen b inding;
4.  a s t rong l inkage is  observed between oxygen b inding and
subun i t  i n te rac t i ons ;
5 .  bo th  t he  comb ina t i on  and  d i ssoc ia t i on  ra te  cons tan ts
contr ibute to the cooperat ivety of  oxygen b inding.
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